Le) 


Cokel=1ialemeocolaie-lariiar-hecelamarlicie-lecelamelimaal— 
Chandra X-ray Observatory — IV 


Steve O’Dell, Doug Swartz, Neil Tice, Paul Plucinsky, 
Herman Marshall, Akos Bogdan, Catherine Grant, 
Allyn Tennant, Matt Dahmer 


NASA Marshall Space Flight Center 
Universities Space Research Association 
Massachusetts Institute of Technology 
hy aavidalsve) alt=] amas] 8 a0) 8) ah’s-j[er-] ©) 8s-\=) aVc- 180) a, 
No)adalae)omeiaelaniaat-ia 


iM KoXel=1iralemexo)ale-lanliat-hare)amaalte|c-lae)alme)am alm @ial-lale] e-Wp.Gl a-ha @)0)-1-18\/- 100) a’ ates AVA SPIE Conference 10397 
UV, X-Ray, and Gamma-Ray Space Instrumentation for Astronomy XX Paper 13 
2017 August 6-8, San Diego, CA USA Slide 1 


Outline 


yan talanelelecoinrela 

> Molecular contamination on ACIS filters 
> Thermal model for ACIS cavity 

> Molecular transport simulations 
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> ACIS cavity 
Oe) iaat-hnele 

O Snoot & door 
O Camera top & filters (OBF) 


Spectroscopy Array 
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> ACIS operating temperatures 
O Focal plane T-p=-120°C 
O Camera housing Tp,=-60°C 
o ®%6°C colder with heaters off 
1m O)e) aler-) me) (ele diale mili k-]acmm Warrt= 
o ®Tpy-60°C near OBF edge 
o 5-20°C warmer near center 
yea Golale-laaliat-10(e)ame)amee)(em@)=) a 
O Mass column = 200 ug cm? 
o ® 50 x pre-flight estimates 


o <1g in entire Chandra 
optical cavity (calculated) 
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Contamination-migration A) 
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O Low-resolution geometric \\\Y er 
model for ACIS cavity m\\ \\\\\\Nabeeae 


»\, Optical Bench 
> 2013 (II) \\ 
O High-resolution geometric 
model for ACIS cavity 
O Higher emissivity for 
contaminated surfaces 


+ 2015 (111 Lior 
O Same model as 2013 GaN 
> 2017 (IV) Collimator ¢— 


O Extend geometric model 
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P Detector Housing W py 
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year Xcoelaaleir-iulelamelmee)aleclaaliar-laies 
O LETG/ACIS-S spectra 
o Atomic (C,O,F) edge depths 
O Thickest near OBF edges 


ORow 20-60 
Row 400-600 


QO Rate fell until about 2008 
then started rising 


O Multiple species 


See next presentation by Herman Marshall 


ARow 135-190 
ORow 20-60 
Row 400-600 


> Most systems are warming ___1CBBT: CAMERA BODY TEMP. B 


mR@olaiaialeliatemel=te]e-ler-hule)ame)s 
external insulation (MLI) 


> Strive to keep ACIS focal plane im 00 
cold to preserve oy-Taxelaan Tales 4% 4% 490? 40? 40" 067 00% 4061 06% 4087 yor aor gov? aor? aor™ wr? qo1® p01 
O Carefully plan observations nck Fi 
O Disabled some heaters 


o ACIS detector-housing 
heater (2008 April) 
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'@) rN SIM focus-assembly OBA AVE: OBA AVERAGE HEALTHCHECK TEMPERATURE 
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> Optical Bench has warmed 
rapidly since about 2010 
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> Introduction 

> Molecular contamination on ACIS filters 
> Thermal model for ACIS cavity 

> Molecular transport simulations 

> Summary 
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ACIS temperature distribution 
(exterior) 


> DH heater OFF, Tep = -120°C 


EoRF — 0.40 SoRBF — 0.40 
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Caltcialele) 
> DH heater OFF, Trp = -120°C 


T[°C] 


oe): ian 0.40 oe) =) i 0.40 
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geometric view factors 


> Net mass flux onto node j > Geometric view factors 


du; az 
Sia =e (r, elu; J+ bby (Te )O(ete ) J jk a 
L Jl 


dt 


> Mass vaporization flux 
O Related to vapor pressure 
PT 
jt,(T)= a 
> Clausius—Clapeyron relation 
O Temperature dependence 
I AVE- | 8\0)a74-)u lela =alaat-119) aya 
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a i Vaporization rate: BO) 
Dependence upon phase state ‘ 
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Vaporization rate D,y, [ug cm? s"'] 
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Temperature T [°C] 
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Cool bake-out 
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Tep = 010 ba @ Tox = +25°C Tope = +10°C Ty = -10°C 
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Tep = 010 ba @ Tox = +25°C Tope = +10°C Ty = -10°C 


> Octadecane > Dioctyl phthalate (DOP) 
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(Oe) | iaat-leela 
Camera Top 


100 
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r=] nal=1e- I Ke) ) 


Average Mass Column (ug/cm’) 
1 

Average Mass Column (ug/cm”) 
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a) ° 
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~ Contaminant re-deposition 
after (partial) cool bake-out 
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> Mass > Mass column 
Collimator 
x. Translation Table Translation Table on 
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> Introduction 

> Molecular contamination on ACIS filters 
> Thermal model for ACIS cavity 

> Molecular transport simulations 

> Summary 
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yon Oe)ale-laaliat-he(e)absanlrele-lecelam-)ianlelt-ld(e)ame)ae)’4le(=\-mr- Mme l-{- 0) muele)| 
O Utility for absolute predictions is still limited 
ony .\8s={0) [0] Xomm 8) @=16 | (ol We) alow m=16[ 6) la=mm dale) wi (=1eler-me) meolale-laaliat-[almcmycelt- lalla, 
o Uncertainty in temperatures propagates exponentially to rate error 
O Model may require additional physics 
o Treatment of multiple molecular species is not simple superposition 
o Dependence of thermal emissivity upon contaminant mass column 
o Surface redistribution, especially for a liquid contaminant 
> Chandra Team has again deferred a decision to bake-out 
O Scientific productivity continues despite low-energy absorption 
oun ©) 8)-1=) mVAl 016m ©) 0) 910)<t-] >We a=) pat-] 1am eh’A=1 8-16) 9)-\e1n | 8) =16 Ml 9)\al r-[ 0100) aio Mo) 
o Over 400 refereed papers per year, steady over past decade 
UO Identified risks of performing bake-out are small but not zero 
O Bake-out might not substantially reduce contamination on OBFs 
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